Introduction
Radiotherapy is used to treat cancerous tumours using high energy X-rays, typically 6 MeV or above. In Intensity Modulated Radiotherapy (IMRT) the treatment beam is shaped using Multileaf Collimators (MLC). The MLCs allow complex dose distributions to be created, which has the two-fold advantage of concentrating the dose in the tumour whilst sparing healthy tissue. This is very important, with new IMRT techniques seeking to reduce these margins as far as possible. The importance of IMRT was highlighted by the UK National Cancer Action Team, who are pushing for 30% of all radiotherapy courses to be carried out using IMRT [1] . The complex nature of IMRT is not without risk. This was highlighted in the report Towards Safer Radiotherapy [2] , which recommended independent in-vivo dosimetry. Current methods to perform in-vivo dosimetry include transmission dosimetry (upstream), portal imaging (downstream) and dosimeters placed on the patient [3] [4] . The upstream approach has the benefit of not having scattering coming from the patient, however being upstream requires a very thin detector to minimise attenuation and surface dose [5] . Current devices including the DAVID [6] and COMPASS [7] have attenuation of the order ∼ 5-10%. To minimise this further a Monolithic Active Pixel Sensor (MAPS) was used to build a prototype, this was based on the initial work described here [8] , which also resulted in intellectual property being generated [9] . The trend in treatments to be more dynamic also motivates MAPS technology, with good S/N and fast frame rates making real-time monitoring and verification a very real possibility [10] [11].
Proof of Concept Device and Experimental Setup
The proof of concept prototype consists of an Achilles [12] MAPS, a camera system and a DAQ PC. The sensor was mounted on a retrofitted Linac accessory draw. This setup can be seen in figure 1 .
The specifications of the Achilles sensor can be seen in table 1. The Achilles was built using 0.35 µm CMOS technology with 3T pixels and a 15 µm epitaxial layer giving a total thickness of 100 µm. This equates to an attenuation of ∼ 0.1% for 2 MeV X-rays [13] .
The camera system was operated at 10 fps for the results presented here, but is capable of running up to 40 fps. The Linac itself was operated at the nominal 400 Monitor Units/min, which equates to a pulse repetition frequency of 400 Hz. To allow both MLC position and dose reconstruction to be tested runs with Gafchomic RTQA2 film and IBA's MatriXX were taken. These
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Upstream Dosimetry using MAPS R. F. Page deveices were positioned at the iso-centre. A series of exposures were then performed with various MLC configurations and an IMRT anterior head and neck field to allow both MLC position and dose reconstruction to be tested.
Reconstruction Methods and Results
The reconstruction of the MLC position was performed using the Sobel edge detection kernel. The response of this is gaussian in the present of a sigmoid intensity change. From this a point along the MLC edge can be extracted by fitting a gaussian and evaluating the mean. The final position is found by fitting a linear function to the set of points that make up the MLC edge, a more detailed description can be found here [14] . To check the precision of this method the distribution of 100 single frames were analysed. The result was a precision of 6 µm for 10 seconds of data and 52 ± 4 µm for a single frame at the isocentre. The accuracy of the reconstruction was tested by calculating the difference between two parallel MLCs using both the upstream detector and Gafchomic film. The result for the 5 × 5 cm 2 field is shown in figure 2 . The data set was fitted with a linear function and if both sets of data agreee the result of the fit would be a gradient of 1 and an intercept of 0. The fit result gave a gradient of 1.00 ± 0.05 and a intercept of 0.1 ± 0.5 mm, clearly showing that the upstream reconstruction was accurate to within the precision of the film. 
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The dose was reconstructed by first calibrating a MC simulation of the linac and the detector with data from an 8 × 8 cm 2 open field. The photon fluence was then extracted from the data for the IMRT fields by subtracting the MC calculated electron background. The final step was to propagate the photon fluence using a pencil beam kernel to determine the dose at the isocentre where the MartiXX was positioned. The two distributions are shown in figure 5 and were then compared using the gamma metric [15] . The output of which is also in figure 5 . For the pass condition of 3 % and 3 mm 97 % of the points passed. At this precision the method is good enough for treatment verification.
Conclusion
The work presented here shows that an IMRT verification and monitoring system based on a MAPS detector is very promising. The MLC positions can be measured to an unprecedented precision and the dose can be calculated with the precision required. The next steps are to improve the DAQ system so that the algorithms developed can be run in realtime. The ultimate goal is to be able to monitor and verify treatments in realtime. This gives the radiographer treatment time feedback allowing for rapid intervention if necessary and reduces the treatment time by removing the pretreatment verification step.
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